Extreme disturbances eliminate aquatic biota and alter community structure and function. During 2 a supra-seasonal drought in north-central Texas summer and fall 2006, macroinvertebrate 3 communities from persistent groundwater-dependent macrohabitats of varying hydrology and 4 riparian shading were investigated to study their role as invertebrate refugia and to characterize 5 the taxonomic and functional community structure of benthic assemblages. Ash Creek was the 6 only stream with surface flow within a 35-km radius during the drought. Two perennial and three 7 intermittent stream sites were studied and included perennial riffles, a perennial pool, shaded 8 disconnected pools, and disconnected pools in full sun. Riffles had significantly higher taxa 9 richness, Ephemeroptera, Plecoptera, Trichoptera (EPT) richness, proportion of lotic taxa, and 10 diversity than other macrohabitats. Macrohabitats were refugia for 106 benthic 11 macroinvertebrate taxa, and perennially-flowing habitats contained 19 taxa (17.9% of total taxa) 12 not collected in disconnected pools. Larvae and pupae of caddisflies Marilia sp., Oecetis sp., 13
Introduction 24
The north central region of Texas, with rainfall totals less than 882 mm annually, is a 25 semi-arid ecosystem (NOAA 2006) . The region has many small streams and springs that are 26 important to the maintenance of aquatic diversity and community structure (Brunne 2002) . The 27 aquatic invertebrates found in these streams are important links between primary producers and 28 secondary consumers in these systems. Because these streams are dependent on groundwater and 29 springs to maintain flow, reductions to these water sources caused by droughts have been 30 trowel was used to disturb pool and riffle sediments to an approximate depth of 10 cm. Benthic 137 samples were preserved in the field with 80% ethanol and processed and identified in the 138 laboratory. Samples were rinsed through a 180 µm mesh (ASTM #80) sieve, sorted under a 139 dissecting microscope and identified based upon Merritt et al. (2008) . Aquatic insects were 140 identified to the lowest taxonomic level practical, typically to genus, based upon larval 141 developmental stage and specimen condition. Non-insect taxa were typically identified to 142 Phylum or Class. Chironomidae larvae were grouped as Tanypodinae or non-Tanypodinae. 143
Separation at this level was taxonomically sufficient to separate predatory midge larvae from the 144 predominantly gatherer-collector Chironominae and Orthocladiinae that were present in the 145
samples . (Merritt et al. 2008, Burk 2012). 146
Groundwater upwelling (positive vertical hydraulic gradient) was determined using a 147 piezometer following a method similar to USGS (2000). Maximum depth, length and width of 148 sampled pools were measured and samples were taken only from pools having a minimum 149 surface area of 3 m 2 to minimize the negative impact to biota. 150
Environmental parameters (dissolved oxygen, conductivity, water temperature, stream 151 velocity, and pH) were measured at the time of sampling of each macrohabitat. Correspondence Analysis (CA) was performed to describe among macrohabitat 184 differences in benthic invertebrate communities using standardized densities of the 16 dominant 185 invertebrate taxa that accounted for 90% of total abundance. The most abundant taxa were 186 defined as the 7 most abundant taxon within each macrohabitat that were also present in at least 187 2 of the other macrohabitats, which only excluded Simuliium sp. Due to the predatory nature of 188 all taxa sampled from within Hydrophilidae, Dytiscidae, Anisoptera and Zygoptera, taxa within 189 these groups were consolidated and analyzed at these higher taxonomic levels. Taxa 
Invertebrate communities of different macrohabitats 226
Across the four different macrohabitats, a total of 30,261 individuals and 106 227 macroinvertebrate taxa were collected not including microcrustaceans. Forty-three taxa 228
represented 98% of the total number of individuals sampled (Table IV) . Because Chironomidae 229
and Oligochaeta were not identified to genus this is a conservative estimate of taxa richness. 230
Overall, non-Tanypodinae chironomids were the most abundant organisms collected in each 231 macrohabitat except in full sun disconnected pools where Ceratopogonidae was the most 232 abundant taxon comprising 43.5% of the relative abundance followed by Oligochaeta and non-233 Tanypodinae Helichus sp., Heterelmis sp., Psychodidae, Simulium sp., and Stratiomyidae (Tables III & IV) . 241
Taxa present in shaded disconnected pools and riffles not collected in full sun disconnected pools 242 included Leptophlebia sp., Hexagenia sp., Stenonema sp., Argia sp., Helicopsyche sp., Oecetis 243 sp., Marilia sp., adult Microcylloepus sp., and larval Stenelmis sp. All benthic macroinvertebrate indices differed significantly among macrohabitat types 261 (Table II) . SNK multiple range tests of mean taxa richness, diversity, and EPT richness ranked 262 the habitats as riffles > connected pools = shaded disconnected pools > full sun disconnected 263 pools. SNK multiple range test of mean evenness and EPT/OCH ratio ranked riffles as 264 significantly higher than all other macrohabitats. 265
A chi-square goodness of fit test revealed that the proportion of lotic taxa (Table III) to 266 the total number of taxa sampled was significantly related to habitat (χ²=15.36, 4 df, p= 0.0015). 267
Perennial riffles contained 34 lotic taxa and 84 total taxa compared to connected pools with 15 268 lotic taxa and 47 total taxa. Shaded disconnected pools contained 13 lotic taxa and 55 total taxa 269 which was greater than the 7 lotic taxa and 50 total taxa collected in sun disconnected pools. 270
Lotic taxa richness was negatively related with increasing environmental harshness whenmacrohabitats were arranged according to a priori gradient of expected increasing environmental 272 harshness from perennial riffles < connected pools < shaded disconnected pools < full sun 273 disconnected pools (Jonckeere-Terpstra Test, Z= -3.41, p<0.001). 274
Community structure and function 275
Gathering-collectors were the dominant FFG in all macrohabitats followed by predators 276 and scrapers (Figure 3 ). Shredders were the least abundant taxa from all macrohabitat types. The 277 single most dominant predator taxon in all macrohabitats were Tanypodinae. Tanypodinae 278 densities in connected pools (1007.9 m -2 ) were two to three times higher than in all other 279
macrohabitats. 280
The ratio of EPT/ (EPT+OCH) taxa was highest in riffles but was similar among all pool 281 The most abundant shredder collected from riffles was the caddisfly, Marilia sp. which 295 comprised 4.4% of the relative abundance. The crawling water beetle, Peltodytes sp. was the 296 most common shredder in the remaining habitats. 297
As a group, gathering collectors dominated all macrohabitats in both richness and 298 abundance, but major differences in gathering collector taxa were seen among macrohabitats. 299
Although non-Tanypodinae chironomids and ceratopogonids were dominant taxa in all 300 macrohabitats, ceratopogonids in sun disconnected pools had the highest relative abundance and 301 density of any taxon collected in the study, 43.5% of the total number collected and 3,291. sampling of perennial pool habitats in our study, it is unclear whether the response of 360 invertebrate communities to drought in this macrohabitat type was ramped or stepped, however,a significant decline in taxa richness was observed between shaded disconnected pools and full 362 disconnected pools. 363
Community trophic structure differences among macrohabitats 364
There were notable functional differences among macrohabitat types consistent with 365 macrohabitat flow permanence and riparian cover. Riffles were characterized by a more balanced 366 trophic structure with higher relative abundances of filtering collectors, shredders, and scrapers 367 than in pools. Prairie streams are characterized as possessing low shredder diversity (Miller and 368 Golladay, 1996) and this study confirmed this pattern. As the most abundant shredder taxa in 369 riffles, Marilia sp. is thought to be a key driver of nutrient cycling of allochthonous material in attributed to these taxa's highly resilient traits especially their ability to move deep into 386 hyporheic sediments. The dominance of oligochaetes and ceratopogonids in sun disconnected 387 pools is thought to be related to the sandy, silty substrate layer over coarse gravel and these taxa 388 frequently being found in high abundances in temporary ponds (Williams 2006) 
Myxosargus sp.  --- 
